The incidence and nature of dysrhythmias with equipotent concentrations of enflurane and isoflurane during dental surgery were compared. Seventy-six Chinese patients between [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29][30] years, of ASA Grade I, randomly received either enflurane or isoflurane with N20 and 02 for spontaneous ventilation during third molar extractions. The cardiac rhythm and the blood pressure were continuously monitored during the procedure. The incidence of dysrhythmias with both enflurane and isoflurane was low and the difference not statistically significant. During surgery one patient exhibited unifocal ventricular ectopics with isoflurane. Sinus tachycardia was common with both agents. No life-threatening dysrhythmias were seen with either agent and no clinically significant lowering of blood pressure occurred in association with the exhibited dysrhythm ias. In this Chinese population, as in other studies, the incidence of dysrhythmias with both agents was low thus showing no difference between the races.
halothane. Some of these dysrhythmias have been shown to be potentially dangerous. 10 Compared with halothane the incidence of dysrhythmias with enflurane 5 ,15-17 and isoflurane 5 has been shown to be low during dental surgery, The study of Casson and Jones 5 has compared dysrhythmias during dental surgery with halothane, enflurane and isoflurane anaesthesia, However, the comparison was with clinical concentrations and not equipotent concentrations,
In a study carried out earlier in this department it was found that the incidence of dysrhythmias during dental surgery with halothane anaesthesia was much higher in the Chinese patients compared with non-Chinese. 10 Hence, it was decided to compare the incidence and nature of dysrhythmias during dental surgery under general anaesthesia with equipotent concentrations of enflurane and isoflurane. The population selected was Chinese, resident in Hong Kong.
PATIENTS AND METHODS
The protocols for the investigation and proforma of consent were approved by the Research Committee and the Ethical Committee of the Faculty of Dentistry, Hong Kong University. Seventy-six Chinese patients of ASA Grade I aged 17-30 years, of either sex, without any abnormality in a baseline preoperative ECG, scheduled for elective inpatient extraction of third molar teeth were included in the study after giving informed written consent.
No premedication was given. All operations were carried out in the morning. Monitoring was started prior to induction. ECG recording was carried out with a 24-hour tape-recorder, utilising four pre-gelled electrodes in standard positions. This was run continuously, throughout the study until spontaneous ejection of the oropharyngeal airway in the recovery area.
In the anaesthetic room immediately prior to induction, a 23-gauge butterfly needle was inserted into a suitable vein on the dorsum of the hand. Anaesthesia was induced by slow injection with thiopentone 2.5070, sufficient to abolish eyelash reflex, followed immediately by suxamethonium 1.0 mg/kg .. The patient's lungs were ventilated with oxygen at 10 litres/min with 2.3% of enflurane or 2% of isoflurane delivered from a recently calibrated vaporiser (Abingdon, Penlon). The agent to be used was determined by a random allocation chart. Nasotracheal tubes were selected empirically, 7.0 mm for males and 6.0 mm for females. Cocaine or other vasoconstrictor agent was not applied topically to the nasal airway. Using direct laryngoscopic visualisation, the patient was intubated with a non-cuffed nasal endotracheal tube, lubricated with water-based non-anaesthetic jelly and the throat gently packed instrumentally, using ribbon gauze soaked in saline and wrung dry by hand. Lignocaine or other local anaesthetic agent was not applied topically to the larynx or trachea. Following this, the patient was connected to the anaesthetic machine via a Bain System and ventilation assisted gently with oxygen 2 litres/m in and nitrous oxide 4 litres/min with 2.3% of enflurane or 2% isoflurane until spontaneous breathing was re-established. Two further minutes were allowed to elapse for the patient to stabilise before transfer to theatre.
In the theatre the patient was reconnected to the anaesthetic machine via a conventional circle absorber system (BOC MK IV, Safelock), preflushed with 100% oxygen and 0.5% of the agent. A separate, labelled circle absorber system was used for each agent, with fresh gas flows as above, the selected agent being delivered from a recently calibrated MK III Tec (Cyprane) vaporiser, outside the circle. The percentage selected for enflurane was 2.3% (MAC in N 2 0 0.57)17 and for isoflurane was 2% (MAC in N20 0.50),18 as at these concentrations both agents are equipotent. Percentage of oxygen delivered to the system was displayed continuously on an oxygen monitor/alarm (Roche, MON02) with the sensor electrode in the inspiratory limb of the circle. Fine rotameter adjustments of fresh gas flow were made to ensure that F 102 was approximately 0.33 and never less than 0.30. Adrenaline was not used during the surgery.
Simultaneously, on-line ECG (lead CMR 5 ) and pulse plethysmographic monitoring were carried out with a multi-parameter monitor with recorder/printer (Physiocontrol, VSM 1) together with continuous blood pressure monitoring with an automatic blood pressure monitor with' recorder /printer (Datascope, Accutorr 1).
The timing of all protocol events, both anaesthetic and surgical, from the onset of recording to the ejection of the oral airway was recorded simultaneously on the 24-hour tape, by digital signal and on the data record sheet. All timing was based on the electronic digital display clock on the Accutorr blood-pressure recorder. Any dysrhythmia displayed on the VSM Ion-line monitor was similarly timed and manually recorded.
At the completion of surgery, nitrous oxide was discontinued and the same concentration of volatile agent, maintained in oxygen at 6 litres/min, was delivered for two minutes. Under direct laryngoscopic vision the throat pack was removed, nasopharyngeal toilet was carried out and an oropharyngeal airway inserted. The patient was turned into the left lateral position and extubated. Following extubation, oxygen 100070 was administered via an anaesthetic facemask until the airway and breathing were judged satisfactory, after which the patient was transferred to the adjacent recovery area, in the left lateral position with moderate head-down tilt.
In the recovery area, oxygen 4 litres/m in was administered via an air-entrainment mask (Multi-vent) and ECG, pulse and blood pressure monitoring continued until ejection of the oropharyngeal airway.
Postoperatively, a 12-lead ECG with long lead II was obtained from every patient who exhibited dysrhythmia during the operation.
Subsequently, the preoperative ECG recording, the postoperative ECG recording in those who exhibited dysrhythmias during operation and the completed ECG tape recording, together with the copy of the data record sheet showing timing of the events, were sent for independent correlation and analysis by the Cardiology Unit, Queen Mary Hospital, utilising a Pathfinder High Speed ECG Analyser (Racal). 19 A dysrhythmia was said to be present if one or more electrical complexes originated at a site other than the sino-atrial node, thus excluding sinus tachycardia and bradycardia. Sinus tachycardia was said to be present if the pulse rate was greater than one hundred beats per minute. 3.7 (0.6) 37 (15) 55 (14) 8 (3) 3.5 (0.7) 35 (21) 53 (21) 12 (5) The significance of the results was calculated using the Chi square test. 33
RESULTS
Seventy-six patients were admitted to the study. Thirty-eight received enflurane (Group A) and 38 received isoflurane (Group B).
As shown in Table 1 the two groups were matched with respect to age, weight and number of teeth extracted. The duration of surgery, which was the time from insertion of mouth prop to end of surgery and duration of anaesthesia, which was the time from induction to transfer from the theatre to recovery room, were similar in both groups.
However, there was a difference in sex distribution between the two groups. Duration of recovery, which was the time from transfer of the patient to recovery room to ejection of airway, was slightly longer with isoflurane.
The number of patients in each group who exhibited dysrhythmias, together with all procedural events, is shown in Table 2 . There were no apparent significant differences between the two groups either in relation to frequency or time of occurrence of dysrhythmias.
The percentage who exhibited dysrhythmias during surgery is shown in Table 3 . Only one patient in the enflurane group (2.6070) and two patients in the isoflurane group (5.3070) exhibited dysrhythmias during surgery thus showing no significant statistical difference in the two groups.
An analysis of the different types of dysrhythmias seen at each anaesthetic event is given in Table 4 . In the enflurane group the dysrhythmia during surgery was nodal in origin while in the isoflurane group, of the two dysrhythmias during surgery one was nodal and the second ventricular in origin. During surgery there were no multifocal ventricular ectopics or ventricular tachycardia with either drug.
There were no clinically significant alterations of blood pressure in association with the dysrhythmias.
With enflurane 15 patients (39.50/0) and with isoflurane 18 patients (47.4%) had tachycardia during surgery. The difference between the two groups was not statistically significant <x2 = 0.0028, P>O.l).
In patients exhibiting dysrhythmias during surgery the postoperative ECG recordings did not show any dysrhythmias and were similar to their preoperative recordings.
DISCUSSION
In this study, the incidence of dysrhythmias with enflurane (2.6%) and isoflurane (5.3%) during dental surgery was low. The incidence of dysrhythmias with enflurane during dental surgery has been described before: 1980, Wright,4 3.9%; 1981, Ryder and Wright,28 9.8% (during surgery 5.8%); 1983, Willatts et al.,29 2.7%; 1985, Casson and Jones,s 0%.
The incidence of dysrhythmias during enflurane anaesthesia in this study (2.6%) seems to confirm the results of the others,4,5,28,29 indicating that the incidence of dysrhythmias with this anaesthetic during dental surgery is low. However, the present study was carried out exclusively in a Chinese population whereas the previous studies were carried out in a population predominantly, but not exclusively, non-Chinese. While neither the protocols of study nor the methods of reporting are strictly comparable, the range of incidence in these studies in non-Chinese varies from 0-5.8%. The incidence of dysrhythmias with enflurane in the present study with Chinese appears to be within this range, showing no difference between races.
The incidence of dysrhythmias with isoflurane during dental surgery has also been described before: 1985, Casson and lones,5 5%; 1986, Rodrigo and Moles, 10 5.7%.
The results of this study confirm the findings in the previous studies 5 ,1O that the incidence of dysrhythmias with isoflurane anaesthesia during dental surgery is low. The present study was carried out exclusively in a Chinese population as was the study by us in 1986.10 The results of our present study confirm our findings in the previous study. As Casson and lones' study5 was predominantly, although not exclusively in a non-Chinese population, the results of our studies also show that there is no significant difference in the incidence of dysrhythmias with isoflurane between the races.
As to the nature of the dysrhythmias with enflurane during dental surgery, there was a single nodal rhythm. This has been described before. 4 There were no ventricular dysrhythmias during surgery with enflurane anaesthesia.
With isoflurane anaesthesia during dental surgery in one patient, there was a nodal rhythm and in another, unifocal ventricular ectopics. Ventricular ectopics with isoflurane during dental surgery have not been reported before. Neither in our previous study, 10 nor in Casson and lones' stud y5 were there any ventricular ectopics reported.
There were no life-threatening rhythms, such as multifocal ventricular ectopics or ventricular tachycardia, with either enflurane or isoflurane.
Unlike halothane,22 neither enflurane 23 nor isoflurane 24 slows the His-Purkinje and ventricular conduction times to permit re-entry phenomena. This probably explains the low incidence of arrhythmias with these two agents.
Sinus tachycardia was seen during dental surgery with both agents; with enflurane in 15 patients (39.5070) and with isoflurane in 18 patients (47.4070). Both agents have been reported to produce tachycardia, during surgery. With enflurane this is said to be a response to the drop in systemic vascular resistance. 25 With isoflurane it may either be due to the drop in systemic vascular resistance causing stimulation of the intact baroreflex, activity of which persists till deep levels of isoflurane anaesthesia,26,27 or due to betasympathetic activation. 28 In conclusion, anaesthesia with both enflurane and isoflurane during dental surgery is associated with a low incidence of dysrhythmias, which appear to be non lifethreatening. Further, there seems to be no racial difference in the incidence of dysrhythmias with these two agents, unlike halothane where a higher incidence of dysrhythmias has been reported in the Chinese. lo Both enflurane and isoflurane appear to be more suitable agents than halothane for use during dental surgery. Isoflurane is probably the drug of choice in cases where enfl urane is relatively contraindicated.
